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Abstract
Introduction
Gallbladder disease (GBD) encompasses several medical conditions, including gallbladder stone formation,
biliary colic, and cholecystitis. These conditions may arise following bariatric surgery, including bypass or
laparoscopic sleeve gastrectomy (LSG). The development of GBD after surgery may be attributed to various
factors, including the formation of stones shortly after the procedure, the exacerbation of existing stones due
to the surgery, or inflammation of the gallbladder. Rapid weight loss after surgery has also been proposed as
a contributing factor.

Methodology
This observational study consisted of a review of retrospective hospital patient medical records of 350 adult
participants who underwent LSG, with 177 participants included in the study after excluding those with
cholecystectomy or GBD prior to surgery. The participants were followed for a median of two years, during
which we recorded any hospitalizations, emergency department visits, clinic visits, and incidents of
cholecystectomy or abdominal pain due to GBD. The participants were grouped into two: those with GBD
and those without GBD after bariatric surgery, and quantitative data were summarized using mean and
standard deviations. The data were analyzed using IBM SPSS Statistics for Windows, Version 20.0. (IBM
Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp), with a
statistical significance of P<0.05.

Results
In our retrospective study of 177 patients who underwent LSG, the incidence of GBD after bariatric surgery
was 4.5%. Most patients with GBD after bariatric surgery were White, but this difference was not statistically
significant. Patients with type 2 diabetes had a higher incidence of GBD after bariatric surgery than those
without diabetes (8.3% vs. 3.6%, P=0.355). Patients with HTN had a lower incidence of GBD after bariatric
surgery than those without HTN (1.1% vs. 8.2%, P=0.032). Anti-hyperglycemia medication use did not
significantly increase the risk of GBD after bariatric surgery (7.5% vs. 3.8%, P=0.389). None of the patients on
weight loss medication developed GBD after bariatric surgery, compared to 5% of patients who did not take
weight loss medication. Our sub-data analysis showed that patients who developed GBD after bariatric
surgery had a high BMI (above 40 kg/m2) before surgery, which decreased to 35 kg/m2 and below 30 kg/m2
at six months and 12 months post-surgery, respectively.

Conclusions
Our findings demonstrate that the prevalence of GBD after LSG is low and comparable to the general
population without LSG. Thus, LSG does not increase the risk of GBD. We found that rapid weight loss after
LSG is a significant risk factor for GBD. These findings suggest that patients who undergo LSG should be
informed of the risks of GBD and undergo careful screening before surgery to detect any pre-existing
gallbladder issues. Overall, our study highlights the importance of continued research into the factors
associated with GBD after bariatric surgery and the need for standardized prophylactic measures to prevent
this potentially serious complication.
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Keywords: gallstone cholecystitis, prevalence rate, weight loss and obesity, obesity, bariatric surgery complications,
gastric sleeve surgery, gallbladder disorders, gallbladder stones

Introduction
Bariatric surgery, also known as weight loss and metabolic surgery, is an effective method for treating
obesity and several comorbidities, including type 2 diabetes (T2D), HTN, sleep apnea, and high blood
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cholesterol in obese patients. The operation is generally safe in expert hands, with lower complication rates
than other abdominal operations [1,2]. Laparoscopic sleeve gastrectomy (LSG) has become the most common
bariatric surgery because it is simple, safe, and effective in treating obesity [1,2]. However, patients may
develop gallbladder disease (GBD) after bariatric surgery, which is a rare complication.

GBD is a broad diagnosis that includes several conditions, such as asymptomatic cholelithiasis, biliary colic,
acute calculous cholecystitis, chronic cholecystitis, choledocholithiasis, and Mirizzi syndrome, among
others. These pathologies are often associated with the formation of gallstones that obstruct different areas
of the bile drainage system. While asymptomatic gallstones can be challenging to diagnose, symptomatic
GBD is often treated with cholecystectomy and other modalities to relieve obstructive symptoms.

According to the Third National Health and Nutrition Examination Survey in 2021, the estimated national
prevalence of GBD in the United States is 7.9% in men and 16.6% in women [3]. The prevalence of GBD is
even higher in obese individuals, with a relative risk ratio of 3.75 to 4.57 compared to non-obese individuals
[1]. Studies have shown that the risk of symptomatic gallstone disease increases by 7% for every 1-kg/m2
increase in measured BMI [1,3,4]. Nonmodifiable risk factors for gallstone formation include age, sex
(female), ethnicity, genetic susceptibility, and family history, while modifiable risk factors include
pregnancy, dyslipidemia, obesity, rapid weight loss, metabolic syndrome, medications, gallbladder stasis,
terminal ileal disease, cirrhosis, and hyperbilirubinemia [5].

The incidence of gallbladder stone formation after bariatric surgery varies. Some investigations have
reported that 3% to 22% of bariatric patients develop gallstones within 12 months after surgery, and 8% to
30% develop them within 24 months after surgery [6,7]. Nearly 4.7% to 12% of bariatric patients require
gallbladder removal during active weight loss. Obesity is a risk factor, but conversely, rapid weight loss can
also increase the likelihood of gallstone formation. One study showed that the general population’s
traditional risk factors for gallstone formation are not predictive of symptomatic gallstone formation after
bariatric surgery. Weight loss of more than 25% of the original weight was the only postoperative factor that
helps select patients for postoperative ultrasound surveillance and subsequent cholecystectomy once
gallstones were identified [1,3,4].

In our clinical experience working with bariatric patients, we have observed several cases of readmission to
the hospital due to abdominal pain stemming from various causes, including gastroesophageal reflux
disease, epigastric pain related to biliary colic, gallbladder stones, and surgical complications such as
constipation, partial bowel obstruction, or gastric leak. These observations prompted us to question the
prevalence of GBD following bariatric surgery and whether it is a common occurrence. Consequently, this
study aims to investigate the prevalence of GBD after LSG at St. Vincent Charity Medical Centre (SVCMC)
and explore the potential relationship between GBD and rapid weight loss.

Materials And Methods
We retrospectively reviewed the medical records of 350 patients who underwent LSG at the Centre for
Bariatric Surgery at SVCMC from 2017 to 2022. The study included patients referred for weight loss surgery
due to morbid obesity, specifically for LSG. This research was approved by the Institutional Review Board for
Research and Ethics at SVCMC (approval no. 554).

This study excluded patients younger than 18 years of age, pregnant patients, those with a history of GBD
before surgery, cholecystectomy before surgery, documented gallstones, or previous history of biliary colic.
After applying the exclusion criteria, we ended up with 177 patients, and four patients were lost to follow-
up.

The inclusion criteria include those who developed GBD after surgery, those who presented with abdominal
pain due to biliary colic that was confirmed by ultrasound, CT scan, or hepatobiliary iminodiacetic acid
(HIDA) scan, or those who had a cholecystectomy after LSG.

We calculated the prevalence of GBD after LSG and found that eight patients developed the disease out of
177 patients (4.5%). We then compared the two groups of participants, those with GBD (4.5%) and those
without GBD (93%), based on medication use and change in BMI before and after surgery.

We reviewed patient medical records for documented GBD, symptomatic gallstones, cholecystitis, or
abdominal pain due to GBD after LSG surgery at three, six, nine, and 12 months after the surgery. The
diagnosis of GBD was documented and confirmed with positive findings on ultrasound, HIDA scan, or CT
scan for new GBD and diagnosis on discharge with biliary colic.

We also measured the patients' BMI, glycated hemoglobin (HbA1c), and confounders such as the use of
weight loss medications and comorbidities like T2D and HTN and related medications before and after the
LSG procedure, regardless of the indication for endoscopy. We collected demographic data (e.g., age, race,
sex, medication use, and comorbidities) and evaluated GBD at three, six, nine, and 12 months. Data were
collected using Microsoft Excel (Microsoft Corporation, Redmond, WA) and analyzed using IBM SPSS
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Statistics for Windows, Version 20.0 (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version
27.0. Armonk, NY: IBM Corp).

Statistical analysis
For categorical data, summary statistics are counts and percentages, and the comparisons between groups
were made using Fisher’s exact test or the chi-square test of proportions for contingency table data, as
appropriate. The quantitative data are summarized using the mean and standard deviation, maximum,
minimum, median, and all quartiles, as well as the number of data points. As the sample size was small for
patients with GBD present after bariatric surgery, we used the nonparametric Mann-Whitney U test for
independent groups to perform statistical comparisons between groups. For hypothesis tests, the statistical
significance was P<0.05.

Results
Our retrospective study included 177 patients who underwent LSG. Of these, 17.7% were male, and 82.3%
were female. The incidence of GBD after bariatric surgery was 3.2% among male patients and 4.9% among
female patients. White patients comprised most of those with GBD after bariatric surgery, but this difference
was not statistically significant (P=0.86; Table 1).

Demographic data GBD absent GBD present

Male patients

Count 30 1

% of males 96.80% 3.20%

% with GBD after bariatric surgery 18.00% 12.50%

Female patients

Count 137 7

% of females 95.10% 4.90%

% with GBD after bariatric surgery 82.00% 87.50%

Black race

Count 40 2

% of black race 95.20% 4.80%

% with GBD after bariatric surgery 24.20% 25.00%

Caucasian or White race

Count 121 6

% of Caucasian or White race 95.20% 4.80%

% with GBD after bariatric surgery 72.10% 75.00%

Other races

Count 6 0

% of non-Black, non-White race 100.00% 0.00%

% with GBD after bariatric surgery 3.60% 0.00%

TABLE 1: Demographic distribution
GBD: gallbladder disease

By reviewing the characteristics of our eight patients with GBD after LSG, we found out that four cases
presented with biliary colic, and five cases were diagnosed with cholecystitis. Eight patients underwent
cholecystectomy, and two patients presented with biliary colic underwent cholecystectomy without a clear
diagnosis of the type of GBD. For the time frame, one case developed GBD after 20 days from the LSG, four
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cases within six months, two cases after 18 months, and one case after two years. Three patients aged 20-30
years, four patients 39- 45 years, and one patient above the age of 70 at the time of the diagnosis with GBD.
One patient is Black, and seven patients are White. Two cases were excluded because they had
cholecystectomy before LSG. No atypical cases of GBD were reported except for one case involving a 44-
year-old young Black woman with biliary ectasia that was seen after 17 months of bariatric surgery and
presented with abdominal pain. In our study, 8.3% of T2D patients developed GBD after bariatric surgery,
compared to 3.6% without T2D (Table 2).

T2D data GBD absent GBD present

T2D Patients

Count 33 3

% with T2D 91.70% 8.30%

% with GBD after bariatric surgery 20.00% 37.50%

T2D medications

% taking anti-T2D medication, insulin or sulfonylureas, metformin 92.50% 7.50%

% with GBD after bariatric surgery 22.40% 37.50%

TABLE 2: Diabetic patients who developed GBD after surgery
GBD: gallbladder disease, T2D: type 2 diabetes

The use of anti-hyperglycemia medication did not significantly increase the risk of GBD after bariatric
surgery (7.5% vs. 3.8%, P=0.389). Conversely, patients with HTN had a lower incidence of GBD after bariatric
surgery than those without HTN (1.1% vs. 8.2%, P=0.032; Table 3).

HTN data GBD absent GBD present

Count 87 1

% with HTN 98.90% 1.10%

% with GBD after bariatric surgery 52.70% 12.50%

TABLE 3: Patients with HTN who developed GBD
GBD: gallbladder disease, HTN: hypertension

In addition, none of the patients on weight-loss medication developed GBD after bariatric surgery, compared
to 5% of the patients not on weight-loss medication (Table 4).
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Medication data GBD absent GBD present

Weight loss medications

Count 13 0

% taking weight loss medicationsa 100.00% 0.00%

% with GBD after bariatric surgery 7.90% 0.00%

GLP-1 (liraglutide/Saxenda)

Count 0 6

% taking GLP-1 0.00% 100.00%

% with GBD after bariatric surgery 0.00% 3.60%

Cholesterol-lowering agents

Count 36 0

% taking cholesterol-lowering agents, statins 100.00% 0.00%

% with GBD after bariatric surgery 21.80% 0.00%

TABLE 4: Patients on medications for weight loss and cholesterol reduction who developed GBD
after surgery

 aWeight loss medications include phentermine-topiramate orlistat, bupropion, topiramate, and diethylpropion

Finally, our sub-data analysis revealed that patients who developed GBD after bariatric surgery had a high
BMI (above 40 kg/m2) before surgery, which decreased to 35 kg/m2 and below 30 kg/m2 at six months and
12 months post-surgery, respectively. We found no significant differences in the distribution of age, BMI
before and after surgery, or HbA1c levels between the two groups (Table 5).

Presence of GBD after
bariatric surgery

Age
(years)

BMI before surgery

(kg/m2)

BMI six months after

surgery (kg/m2)

BMI 9-12 months after

surgery (kg/m2)

HbA1c before
surgery

N valid/missing 8/0 8/0 5/3 5/3 8/0

Mean 40.13 39.13 35.8 31.8 6.2

Median 41 37.5 34 32 5.65

Std. deviation 15.986 6.058 5.404 3.347 1.9086

25 percentiles 26.25 35 32 28.5 5.15

50 percentiles 41 37.5 34 32 5.65

75 percentiles 44.75 42.5 40.5 35 6.425

TABLE 5: GBD after bariatric surgery in relation to change in BMI after the surgery
BMI: body mass index, GBD: gallbladder disease, HbA1c: glycated hemoglobin, SD: standard deviation

Discussion
The association between bariatric surgery and GBD has been well-documented in recent years. Rapid weight
loss after Roux-en-Y gastric bypass (RYGB) is a strong risk factor for GBD [8]. However, with the emergence
of LSG as the first choice of treatment for obesity and bariatric surgery, postoperative complications and
associations are being investigated to learn more about its safety. Our study examined the incidence of GBD
in 177 patients up to 24 months after LSG. The incidence of GBD after LSG was 4.6%, which is similar to
previous studies that showed rates ranging from 3.3% to 9.5% [9-11].
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The development of GBD following bariatric surgery can be attributed to several factors. Some patients may
have had preexisting asymptomatic GBD before surgery, which could be exacerbated by the procedure itself
or progress along the natural course of the disease, irrespective of surgery [3,6,8]. The fact that the patient
has undergone surgery may also prompt more thorough investigations whenever they present with
abdominal pain, potentially leading to the detection of previously asymptomatic GBD that is then
mistakenly blamed for the pain. Furthermore, metabolic changes post-surgery may alter bile acid
production and contribute to the formation of sludge, which can result in the development of new stones or
exacerbation of existing GBD [3,6,8].

Prophylactic cholecystectomy, intraoperative ultrasound for gallstone detection (with concomitant
cholecystectomy), postoperative ursodeoxycholic acid, and regular ultrasound surveillance have been used
to prevent GBD after bariatric surgery [1,3,4]. However, none of these prophylaxis measures have been
accepted as standard practice, and conservative approaches have been the mainstay of treatment for
asymptomatic cholecystitis, as further research is needed to support other modalities [9]. Although dietary
adjustments can aid in preventing gallstone formation [1,9], more studies are needed to confirm their
effectiveness.

It has been established that obesity is a risk factor for GBD [12,13], and our study found that rapid weight
loss after LSG is also a significant risk factor for GBD, which is consistent with prior studies on RYGB
[3,8,14]. Interestingly, our study found that HTN was negatively associated with GBD after LSG, as only 1.1%
of HTN patients developed GBD compared to 8.2% of patients without HTN (p=0.032). Further research is
needed to elucidate the underlying mechanism for this phenomenon, which may be attributed to lifestyle
choices that HTN patients make or cholesterol-lowering medications. On the other hand, none of the other
factors we examined, including T2D, use of cholesterol-lowering agents, and use of anti-hyperglycemia
medications, such as sulfonylureas, insulin, or metformin, were statistically significant in their association
with GBD after sleeve gastrectomy.

Furthermore, the risk of GBD development may be heightened by using certain medications, which can
impact the disease through several theoretical mechanisms. Some medications may affect lipoprotein
uptake by hepatocytes or inhibit the activity of acyl coenzyme A-cholesterol acyltransferase, leading to bile
production with sludge [5,14,15]. Other medications may promote the precipitation of bile salt formations,
while less common mechanisms include hypersensitivity cholecystitis [5,14,15].

There are limitations to our study that must be acknowledged. First, our study has a small sample size of 177
patients, indicating the need for larger studies to confirm our findings. Second, the effect of multivariate
factors, such as exercise and diet control, changes in medication doses, frequency or compliance during the
follow-up period, and some medications, may influence the weight changes or the development of GBD,
which, in turn, may influence the result of this study and will be difficult to eliminate. Third, there were
patients that were lost to follow-up and not included in our study, and we could not report the use of
ursodeoxycholic acid or other agents that may decrease the formation of gallstones. Fourth, we did not
report the severity of the disease, which can affect the approach and contaminate our sample. Finally, as a
retrospective study, other factors that were not controlled for may be related to our findings. Therefore,
further studies are needed to confirm our findings and elucidate the underlying mechanisms for our
observed associations.

Conclusions
This study aimed to investigate the prevalence of GBD after LSG and the potential relationship between
GBD and rapid weight loss. Our findings demonstrate that the prevalence of GBD after LSG is low and
comparable to the general population without LSG. Thus, LSG may not increase the risk of GBD, which is an
important finding. We found that rapid weight loss after sleeve gastrectomy is a significant risk factor for
GBD after LSG. These findings suggest that patients who undergo LSG should be informed of the risks of
GBD and undergo careful screening before surgery to detect any pre-existing gallbladder issues. Overall, our
study highlights the importance of continued research into the factors associated with GBD after bariatric
surgery and the need for standardized prophylactic measures to prevent this potentially serious
complication.
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